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~ SECTION 1.0 
PRELIMINARIES 


This manual presumes the reader is acquainted with the basic 
concepts involved in machine and assembly language programming. 
Certain parts of the FS-2000 may be viewed as a special-purpose mini- 
computer. 

The remainder of this section is devoted to discussing the 
fundamentals which are required in order to understand color graphics 
programming in a "raster scan" environment. A glossary of technical 


terms is also provided at the back of this manual. 


Pet Raster Scan Images 

It must be understood that what one sees on a television screen 
is not a static image akin to a picture painted upon an artist's canvas. 

The inner surface of a video TV tube is covered with a dense array of J 
phosphor dots (or stripes) such that in any small region of the screen, 

phosphors representing the three primary colors (red, green, and blue) are — 
present. These phosphors contribute nothing to the image, unless they are 

excited by beams of electrons, whereupon they emit their characteristic ~ 
primary colors until the beams have passed. Any color in the rainbow is 

achieved by a proper selection of relative excitation intensities for each = 
primary color phosphor. 

Because phosphor light emissions have a short persistence, the 
subjective perception of a static image can only be achieved by constantly 
retracing (refreshing) the image at a rate high enough to appear flicker- 
free (due to the persistence of the image in the retina). All of these 
problems are handled automatically by the FS-2000 hardware. 

By convention, the display system "linearizes" the image into a 
series of contiguous horizontal lines called (raster-) scan lines. There is one 
electron gun for each primary color in an FS-2000 color CRT. Sixty times 
per second the beams from these guns trace out a complete image ("frame") 
consisting of 256 scan lines. As each scan line is drawn, the FS-2000 
controls switching the beams on and off so that, when viewed in the context 
of its surrounding scan lines, the programmed geometric shapes and colors 


are produced, 


liek Refresh Technique 
Because the video display screen cannot "remember" its image, 


the information required to generate it is stored in binary form within the 


1.2 Refresh Technique (Continued) 
FS-2000. However, it is not represented in the raster-scan, dot format, as 
required by the electron guns. 

For programming purposes, any display image is conceptually 


decomposed into three kinds of primitives: 


1. Visual features (color, blink, etc.) and geometric 
positioning control, both denoted by "fiddle bytes" 
(Note: This nomenclature is suggestive of their role; 
to invoke small changes in the form and appearance of 


graphic objects. cf. Section 2.2). 


2. Line and solid figures (rectangles, cursors, graphs, etc.) 
denoted by sets of x and y coordinates (cf. Sections 2.3 


GE Zedeky £e3e3, Lele, ON 2.5559). 


3, Strings of one or more characters denoted by ASCII codes 


(cf. Section 2.4). 


These primitives can be combined into a very compact higher level 
encoding of any graphic image. This encoding is unconcerned with the 
ultimate translation into the raster-scan, dot format required by the video 
monitor. In fact, these formats can be directly related to the logical 
structure of the application data base from which dynamic display information 
is derived. This should be contrasted with the software problems implied by 
having to relate a data base to character and graphic information stored as 
linear dot analogues of 2-dimensional geometric patterns on the screen. 

The FS-2000 is unique in its ability to store these graphics commands 
in their original high-level formats and refresh the screen 60 times per second 


by computing each raster-scan line of the display from the command list. 


teee) Software Consequences 
With this system, the programmer may view the refresh memory 
of the FS-2000 as auxiliary storage for the host computer's main memory. 
Each display memory is byte-addressable for reading and writing and contains — 
a total of 2048 bytes. Thus, a video image, whose form evolves in time 
through interractions with the terminal user (or otherwise), can be quickly = 
and efficiently modified by making small changes to the program which 
is stored within the FS-2000. = 
For example, suppose that shifting of some complex graphic 
object is required from one region of a display image to another. To 
accomplish this, the programmer need not selectively erase the object from 
its original location and retransmit the commands to draw the object in its 
new location, This would be necessary if the information were stored in its 
geometric form. A mere two bytes defining the (new x,y) location of the 
object is sufficient to properly shift it during the next sixtieth of a second. 
Conversely, a highly-evolved display may be quickly analyzed 
within the CPU, since any set of bytes can be read back to main memory to 
yield the current structure and organization of the display. Thus, it is feasible 
that significant parts of the data base may reside in the FS-2000 memory, saving 


valuable space in the mainframe. 


1.3 Instruction Philosophy 
There are two types of instructions which the programmer uses to 


control the FS-2000: 


a. Display Specifications reside in by te-addressable 
memories, 2048 bytes in length. Blocks of these 8-bit 
bytes form a display program which, in a given memory, 
specifies the precise content and arrangement of the 
image(s) to be viewed on a (maximum of two) video 


monitor(s) (see Figure 1-1). 


i Instruction Philosophy (Continued) 


b. I/O Instructions are not stored. Primarily, they 
command the FS-2000 to either store a list of display 
bytes which follows the I/O instructions or transmit 
back to the host computer a list of display bytes 
(currently residing in a selected region of some 2048 
byte memory). A complete elaboration of these 


commands is deferred until Section 3. 


A principal concern of this manual is to instruct the programmer 
how to relate the logical structure of the display program to the geometric 
structure of the display image. 

Except for the information contained in Section 3.1, all details 
concerning the raster scan technique of refreshing the color video display 
image may be ignored. In defining the display functions of the FS-2000, 
the sequence of events is understood as being controlled by the logical 
structure and sequence of "control blocks" for drawing each graphic object. 

Figure 1-2 illustrates the Cartesian coordinate conventions for 
geometric positioning of graphic objects on the screen. The absolute origin 
is at the lower left corner of the screen. Each graphic object has its own 
local origin which is usually the lower left corner of itself. 

All display specifications are organized around the 8-bit byte 
as a program unit. For example, all x and y coordinate values are in the 
range (0,255) with 2-s complement arithmetic implemented as addition 
(modulo 256) (cf. Section 2.2.2.2). 

Two important criteria were used to guide the design of the 
instruction set: 

a. Compactness 


b. Simplicity 


i=9 


2 Instruction Philosophy (Continued) 

In general, there will be very many ways to program a particular 
display. This flexibility, together with the use of global variables and 
context sensitivity, allows the programmer to achieve remarkably complex 
displays while using very few bytes. On the other hand, compactness need 
not be bought at the expense of program simplicity. Simple displays are 
simple to program once the interpreter's basic modes of operation are under- 
stood. A detailed description of these modes of operation is contained in 
the next section. The first example in Section 2.5.1 illustrates the fact that, 
although the FS-2000 is designed to be used in complex graphic applications, 
it is at least as easy to program the FS-2000 for purely alphanumeric displays 


as it is for devices designed only for this environment. 
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SECTION 2.0 
DISPLAY PROGRAM SPECIFICATIONS 


Ze! Format of Control Blocks 

Any display program is interpreted by the hardware as consisting 
of one or more variable length control blocks. The interpreter processes 
each byte of memory in ascending address sequence (cf. Section 3.1), there 
being no GO-TO's or conditional transfers of control in this system. 

Figure 2-1 illustrates the basic format of any control block. 
The first byte, BL, defines the length or scope of the block (including 
itself), A value of zero or one is a trivial special case and is interpreted 
as a no-operation (NOP). In this way, the programmer may reserve sections 
of memory for future updates or may selectively erase sections of the 
image by setting the appropriate block of bytes to zero (or one). 

The second byte, BM, defines one of four modes of operation. 
Each mode imposes a particular method of interpretation upon all remaining 
bytes in the block. These are given in detail in Sections 2.3 and 2.4. 

Each of the remaining BL-2 bytes in the control block is 


variously interpreted as a command to: 


a. load a screen x or y coordinate register 

b. draw an alphanumeric ASCII character 

c. define a set of four visual features or the type of 
control to be used in the positioning of objects 


on the screen (fiddle byte). 


2-1 
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CONTROL BLOCK FORMAT 


Control 


Block 
Definition Comments 


1< BL< 256 - Block Length (includes itself) BL = 0 or 1 is a NOP 


- Block Mode (see Figure 2-2 for BM fields) 


- Interpretation of last BL-2 bytes is dependent 


. upon the settings of the fields of the BM byte. 
oo 


See Sections 2.3 and 2.4 for details. 


Figure 2-1] 
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2.1.1 —= Block Mode Instruction Format 


The format of the BM byte consists of five fields as follows: 
BLOCK MODE INSTRUCTION 
7 6 2 4 x 2 1 0 Bits 


(Don't Care Bits) 


Figure 2-2 


M - Specifies one of four modes or contexts which define the 


interpretation of the subsequent bytes in the block. These are: 


Graphic Mode M=0 (Section 2.3.1) 
Graphic Mode M=1 (Section 2.3.2) 
Cursor Mode M = 2 (Section 2.3.3.2) 
Alphanumeric Mode M=3 (Section 2.4) 


mw UY 4.1, - The tines mi tne X,Y, A%,, oe 
@ =< eer 


d * 4 d d 
fields govern the loading of various X and Y coordinate registers with values 
contained elsewhere in the block. The precise usage of these fields depends 


upon the mode M and is given in Sections 2.3 and 2.4. 


rs: The Role of the Fiddle Bytes 
As mentioned previously, a fiddle byte is one of the three types of 
information contained within a control block. The format of a fiddle byte 


comprises 6 fields as follows: 


FIDDLE BYTE FORMAT 


Bits 


Figure 2-3 


22 The Role of the Fiddle Bytes (Continued) 

C - The meaning of C depends on the mode, M, defined in 
the BM byte. In the graphic and cursor modes (M= 0, 1, 2), the interpreter 
expects fiddle bytes to occur in lists of variable length. In these cases, C 
is used to signal the end of a list. C= 1 means another fiddle byte follows 
this one in the list. C = 0 means this byte is the last (Section 2.3). 

In alphanumeric mode (M = 3), a single initial list (as described 
above) follows the BM byte. However, following this initialization portion 
of the block, the programmer may use an arbitrary mixture of characters and 
fiddle bytes. Thus, beyond the initial fiddle byte list, C = 1 causes the 
interpreter to decode bits 0 to 6 as given in Figure 2-3; while C = 0 means 
bits 0 to 6 contain an ASCII code for a character to be written on the screen 
(Section 2.4). 

F. ,N -. There are 30, global, one-bit registers (fiddle bits) 
at the programmers' disposal which define the visual features and positioning 
control for each graphic object. They are grouped into sets of 4 so that 
logically related fiddle bits can be modified by one fiddle byte. N 0,1,...,7) 
together with the mode (M) references a particular group of 4 fiddle bits, while 
fei fF. 2 fs f 


or Fyre Fa F. contain values used by the interpreter according to 
their meanings. Table 2-1 defines the groupings of the bits according to the 
name, N, of the fiddle byte and the mode, M. Any undefined combination 
such as fiddle byte 3 used in alphanumeric mode has its F. fields ignored 

and is treated as a NOP. 

Being global, the states of the fiddle bit registers remain 


constant until explicitly changed by the program. 
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Pe The Role of the Fiddle Bytes (Continued) 

Within each control block, zero or more visual objects may 
be specified. The last byte to complete the specification of an object 
usually causes it to be written onto the screen, and the current values of the 
relevant fiddle bit registers are used to determine its features and any 
repositioning necessary to prepare to write the next object. 

The precise usage of each fiddle byte is detailed in the 


following sub-sections. 
Litel Visual Feature Control 


Zi2ei<l Write Enable Wa ‘ ‘oO : Wa ; W 2) 
"i , W , selects which of two possible color video monitors 
the graphic objects are to be written upon. There are three options for 


configuring the output of an FS-2000 system: 


1. Each display memory controls a single display image. 
In this case, ye is ignored. ~~ = 1 enables writing 


to the screen while et = 0 disables writing. 


2. If the FS-2000 has been configured such that a given 
display memory is to be shared using an FS-2020 and both 
an F$-2001 and an FS-2002, the mo) and 4 respectively 
select for writing onto either screen, or both, or neither 
ue = Wo =0). Thus, parts of the total program may 
be viewed on separate screens while others are shared and 


still others are temporarily disabled. 
3. A final option allows two monitors to share a single memory 


by cutting the horizontal position resolution” in half. 


* See the Glossary for distinctions between position and detail resolution. 
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Dekel Write Enable (Continued) 


That is, only the most significant 7 bits of any X-coordinate 
are used, yielding an effective address space of 0< x<128 
for each image. The detail resolution” is not affected in 


this option. In this case, ue ; or select a single display 
as before, but notice that a = a = ] is invalid and is 


treated by the interpreter as if na =, gi = 0. 


Wo , W 2 - These two registers are identical in semantics with 
Wo ; ah except that alphanumeric strings are independently selectable onto 


either screen. 


PTZ Graphic Structures ioe Oe Se LS) 
5% ah ov ’ oh av 


Every graphic effect is created by selecting combinations of 
rectangle components as shown in Figure 2-4. 

With these primitives, all manner of line diagrams, histograms, 
scatter-grams, x-y plots, curves filled to a base line and even a solid region 
between two curves may be drawn (Section 2.5.4). Furthermore, these graphic 
objects can be dynamically evolved in time by clever use of NOP's and 
redefinition of local origins. 

R = ] means the solid interior of a rectangle and all of its edges 
are to be drawn. 

O means the interior of a rectangle is not to be drawn. In this 
case, any combination of edges of a rectangle's perimeter may be selected 
as shown in Figure 2-4, 

The rectangle's orientation is always with respect to the local 
origin (Section 2.2.2.1). That is, the edges are either Adjacent Roy, m Ry 


to the local origin or Opposite it Ro ; Ros 


*See the Glossary for distinctions between position and detail resolution. 
ry p 


2.2.1.2 | Graphic Structures (Continued) 
For example, RR. , R Oh , — r Roh ’ Rw se O, 0, ‘; ie 1) 
may cause any of 


Local 


\ Origin Origin 
es or | or | : or | | 
A_Local | Loca | ae 
Origin 


Origin 


to be drawn, depending upon the relative values of the various X and Y 


coordinate registers (Section 2.3). 


Gy i R = 1, the interior and all sides of a rectangle are 


R Re.) =40, 0, 0, ©), 


drawn, evenif (R, ,R_ , i 
on av" Cnt oy 


NOTE: 


(2) If R = Rh = ee = R oh = ne 0, then no part of a 


rectangle is drawn (NOP). 


Selecting Rectangle Components 


Each case shows how the rectangle edges are labelled and selected with respect 


to the COP or local origin. Section 2.3 explains under what conditions each case holds. 


Case 1: COP is at lower-left corner. Case 2: COP is at upper-left corner. 


Case 3: COP is at upper-right corner. 


Local 
= ] Origin 


Figure 2-4 
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Z,2eled Color (R, B, G) 


The following colors may be selected using these fiddle bits: 


100 Red 

010 Blue 

001 Green 
110 Magenta 
101 Yellow 
O11 Cyan 

11] White 
000 Invisible * 


*In this case, the graphic object or alphanumeric character is 
drawn invisibly since there is no color to draw it with. However, the region 
it defines will retain its blink and intensity features. Thus, for example, a 
curve which crosses a threshold can be made to blink as an alarm condition 


in the region beyond some threshold. Figure 2-5 illustrates: 


Automatic Visual Alarms 


>™~ 
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I full blinking brightness. 
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This region of curve will automatically blink 
from dim to bright as an alarm. 


eo ee 


Curve drawn dim 


Figure 2-5 


2.2.1 & Intensity (I. ; I 4 cs 


ah ’ ns oh ” By, : 

ls - Controls the brightness of alphanumeric characters, while 
the last five registers separately control the intensity of the corresponding 
rectangle components. B = 1 means bright, = 0 means dim. 

; = 1 means all selected rectangle components (see 2.2.1.2) 
will be drawn in full brightness. 

: = 0 means the rectangle's interior, if selected (R = 1), will 
be drawn dim. Also, any selected edge components R a a F R oh : oe 
will have their intensities governed by the corresponding Lh ; x ; s : = 
bits. 

Figure 2-6 shows several examples to illustrate the interractions 
between the ten bits governing selection of rectangle components and their 
intensities. 


Overlapping graphic objects are dim in their common regions 


only if all objects sharing the regions (invisible or not) are dim. 


Examples of Rectangle Specifications * 


Ignored by interpreter 
since I = 


0 1 l vg 


A 
Ignored slieel a ae 
SinceR =O Since R =O 
av Ov 


bright 


bright 
<— dim 


empty 


bright 


bright 


ae, eae 


ee bright 


* Each example assumes that the Tocal origin ts in the lower left corner of the specified 


rectangular area, 


Figure 2-6 
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: fer Be es Blink (I) 
| = 0 means no blink (constant intensity). I = ] means blink 


b 


as described below: 


Any alphanumeric or graphic object may be made to "blink", 
which means the intensity alternates between bright (.5 sec) and dim (.5 sec). 
Usually, the s intensity of the object must be | as a prerequisite for blinking. 


There are two exceptions to this rule: 


1. Dim characters can blink when using an invisible 


cursor (Section 2.3.3.2). 


2. Two or more graphic objects sharing a common 
region (eg. a curve within a solid rectangle), 
with all bright objects explicitly programmed to 
blink and some dim objects not, will cause all 
objects to blink in the overlap region, whether 


bright or dim. — 


SF Background (B, ) 

Each character is a 7 x 7 matrix within which is a pattern of 
dots forming the shape of the character, with the remaining dots forming the 
background. Depending on B. , either the pattern or the background must 
be written in the color and intensity specified by the R, B, G, E registers, 
with the rest of the matrix being black. B. = 0 means the pattern is colored, 
and the background is black. B = | means the background is colored, and 
the pattern is black. 

If the character is made to blink, it is really the colored portion 


of the matrix that alternates in intensity (depending on Be 
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(a Fe Pes Character Sizes (H, W) 

The screen dimensions of each character are defined by 
the formulae: 

Height = 7 x (H + 1) y-coordinates 

Width = 3.5 x (W +1) x-coordinates 
3.5 appears in the width formula because each addressable x-coordinate is 
(detail) resolvable into a pair of character font dots. This yields an 
effective character resolution of 512 positions across the screen but only 
the even dots may be addressed. Hence, a 7 x 7 character matrix occupies 
a 7 x 3.5 coordinate rectangle. 

There are two identical 64 ASCII character sets defined 
as standard for the FS-2000, one having a 5 x 7 font, the other a 5 x 5 
font (cf. Table A-1). Each is centered horizontally, as well as vertically, 
within the 7 x 7 matrix. Custom designed special characters and symbols 
may define arbitrary patterns within the 7 x 7 matrix up to a maximum of 
128 characters. Also, the local origin of each custom symbol may be 
(defined when ordered) displaced a maximum of 7 y-coordinate positions above 
or 8 below the lower left corner of the matrix. 

Some of the 5 x 7 lower case letters of Table A-1 illustrate 
this condition. Note the usage of eight vertical matrix positions (eg. g). 
The eight line is useable when necessary and is enabled by acontrol bit 
within the prom. 

If either dimension is doubled (H or W = 1), then each dot of 


the character's pattern is doubled in that dimension. 


ee SE Geometric Positioning Control 

In order to make the writing of object sequences more flexible 
as well as efficient, and to enable the drawing of a variety of graphic 
object types (eg, interpolated x-y plots) using the available combinations of 
rectangle parts (Section 2.2.1.2, Figure 2-4), the programmer is given 
extensive control over the interpreter's methods for updating various coordinate 
registers. 

The programmer may, besides (re)initializing the various coordinate 
registers, select among several methods of automatically incrementing or 
decrementing registers after each object is drawn, or even explicitly updating 
registers. This latter capability implements a generalized version of line-feed 
and carriage-return for efficiently drawing regular arrays of objects. 

It should be noted that these forms of control are completely 
symmetric with respect to the x and y directions. For example, x = f (y) is 
as easy to plot as y = f (x). Also, it is as easy to write a string of characters 
which proceed diagonally down-to-the-left using any regular spacing between 
the characters as it is to write a string in the normal horizontal, left-to-right 


fashion. 


faeces The Coordinate Registers 
There are three 8-bit registers for each coordinate: 
(X. f + (X_ a ve and (X, vy) 
(X : 2, define the Current Operating Point (COP). Each 
time an object is written, its local origin is placed at the COP. Each time x, 
is loaded, Xx. is loaded with the same value. The ¥ ; ne case is similar. 
Also, each time an object is written (or would have been, except that - = 0), 


Xx and are automatically updated according to Table 2-2. 


Zazcdel The Coordinate Registers (Continued ) 

(X. ; XY are registers which in many contexts can be viewed 
as defining an absolute base point from which a one or two dimensional array 
of objects will be drawn. (X ; Yy) in these contexts function as the spacing 
between the objects of the array. These registers are also used to specify the 
dimensions of rectangles and/or peripheral line segments (Section 2.2.2). 


C2. 4 
directly by bytes in a control block and do not change unless they are 


In contrast to “ and - , the registers x , YY, A.» Y, are loaded 


explicitly re-specified by the program. 


behehat 2's Complement Arithmetic 

Although the COP must always have its coordinates within 
the range (0,255), these registers may be updated negatively, as well as 
positively, and objects may be written from right to left and/or top to bottom 
with equal ease. 

For example, suppose a line segment is to be written from 
x. = 8 to X. +X, =3 and then Xx. is to be decremented twice by the contents 


d 
of X,. X, in effect should contain -5. Now the 2's complement of -5 


is Re Non, = 251 10> (-5 + 256), 6 mod 256. The programmer may compute 
the binary representation of a negative value by either the 2's complement 
or addition (modulo 256) method. The only difference between regular 2's 
complement arithmetic and that done on the FS-2000 is that the final result 
must be non-negative, since there is no sign bit. Thus, in our example: 

8 -5=8 +251 (mod 256) = 3 

3 -5=3 +251 (mod 256) = 254 

254 - 5 = 254 + 251 (mod 256) = 249 


etc. 


7.7.7.2 2's Complement Arithmetic (Continued) 
In no case will an alphanumeric or graphic object be observed to "wrap 
around" visually upon the screen. (Writing from 3 to -5 right to left is not 


illegal but is interpreted to mean from 3 to 251 left to right.) 


tat ae BR Coordinate Initialization (X" P - Pe ee Yi) 
By using this fiddle byte, any combination of coordinate 
registers may be reloaded many times within a single control block. The 
fiddle bits of this byte are not stored in any internal registers. Ket K be 
defined by: x + Lee + Xi + ur , then the next K bytes are interpreted to 


be screen coordinate addresses which are loaded into the corresponding 


K coordinate registers as selected by x : 7. , A> VY, « For-exampte, 


d 
the list : 
11110101 aoe CY P= ee ee ee 
a Q d 
0000001 0 1 2 (also Y <2) 
00000100 Yo 4 
selects ¥. ‘ ae and Ya for initialization; while the list 
11111011 (N, X,Y! , X' 2 Nie ATs 05 Md) 
00001 000 X <8 (also X <= 8) 
00010000 X <6 
00100000 Y q* 32 
selects Xx, ‘ Xx. ‘ Xx, and Ya 


The fiddle byte C1110000 (C = 0 or 1) functions as a NOP 


within any control block. 


i Vow VD 


By specifying these bits, the programmer selects which method the 


Vee Auto-Update (H ; a a: 


interpreter will use to up date the COP implicity after each object is drawn. 
The formulae shown in Table 2-2 apply symmetrically to the horizontal and 


vertical cases but each is an independent choice. 


Table 2-2 
UPDATE METHODS 


Fiddle Bit 
Register Setting 


Selected Method of Auto-Update 


“ For Horizontal Updates (D : dD. : i , C, a, d) means (H . H ee 


ee a d 


For Vertical Updates (D | : D. : D. , C, a, d) means (V ; Ve - ; Se 7 : Yy) 


Examples showing the use of these formulae are deferred untin Section 2.5 


Dchchut Auto-Update (Continued) 

sri and V | serve only to potentially add 1 to each formulae 
in Table 2-2, and are intended to permit easy elimination of color overlap 
when drawing adjacent rectangles in different colors (see Section 2.5.2 


for an example). 


2 tital Explicit Update (H', , HH ee gee vi 

In addition to the auto-update performed on the COP after 
each object is drawn, the program, without writing on the screen, may 
explicitly update the COP by issuing the N = 6 fiddle byte. During explicit 


update, the current settings of the H,, H_, V,, V_ registers are ignored. 


caw 6 eS 
The update formula is selected according to Table 2-2, as if the fiddle 


bits H' HF ee ae in the program were actually stored in the 


d 7 
corresponding registers (which they are not). 
For example, suppose M = 3 (character mode) and 


= ee: Vv) = (1, 0, 0, 0). Then as each character is written, 


(H 7 a 7 a ‘4 
the COP is updated as Be Xx + Xi Saal . That is the COP is 


advanced horizontally by X after each character. All registers are 

presumed to be initialized once at the beginning of the control block. 
Now, when the end of the line is reached, a single fiddle 

byte (N = 6) is issued such that (H’, ~an = Je WW, 1, te Oe This 


a a” 
causes pe LS oe + Y without writing anything on the screen. 


d 
In other words, a set of strings can be written left justified with any regular, 
vertical spacing by merely initializing the block properly and embedding a 


single fiddle byte between each string. 
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254128 Graphic Drawing (H ; Wed 

Drawing of any rectangle (or component) always begins at 
the COP. Many applications can be implemented using (H ; Via) = (0, 0) 
together with the appropriate auto-update formulae and the proper set of 
coordinate register assignments. Table 2-3 defines the alternatives. 
vue 1 is used to draw y= f (x) plots when y values are supplied for 


progressive x coordinates. See Section 2.5.3 for an example. 


Table 2-3 
DRAWING METHODS 


Fiddle Bit Graphics Drawn 


From 


Horizontal line segments: (D , a, c, d) means (HT ; xX io. Se 1X 


Vertical line segments: (0 , a, c, d) means a ; i : ‘ ve 


ae The Graphic Modes (M = 0, 1, 2) 

Since the graphic primitives of the FS-2000 are rectangles 
and their sub-structures, four data items must be supplied in order for each 
graphic object to be fully specified: (x, y) coordinates of the local origin 
together with vertical and horizontal displacements, x, ; yy) 

ah“ ov 


For example, suppose R eR Rahs Ro ; R =O, 1, |, @) 


is to result in: 


(90,60) (150, 60) 
local « (150,20) 
origin 
Then (x, y) = (90,20) and SF : yy) = (60,40). 


In any mode, the local origin is defined by the COP, (X 5 Y)s 
Hence, (x, y) = (X_ - Ys Considering that the horizontal limits of a rectangle 
structure are Xx. to (X_ +x) inclusive, and the vertical limits are t. to is + yy) 
inclusive (where x4 = Xx, if H_ = 0 else -_—~* th,- x. and Ya ar if 
V =Oelsey, =Y. +Y 
W d a 


~ = the various cases of Figure 2-4 can be 


d 

determined as follows: 
Case 1 holds when Xx. < * +x 
Case 2 holds when x. < . +x 
Case 3 holds when x. = xX. +x 


Case 4 holds when X - x. +x 


and ae a. oy 
and = a. 


vs a em eas, 


a2 
and une > sof Yg 
aa 
4 and Ls < Y. Yq 
In other words, any rectangular structure is drawn in the direction 
fram Tee COP, 14 1 Y SOK +x, Y *y,). 
C e e 2 ce a 
The Adjacent-Vertical segment, R , is positioned at x = xX 
The Opposite-Vertical segment, , is positioned at x = (X. + x 1) 
The Adjacent-Horizontal segment, Rh , is positioned at y = 5 a 


The Opposite-Horizontal segment, Roh , is positioned at y = uF ty 4) 
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Fee The Graphic Modes (Continued) 

These rules are necessary and sufficient to permit efficient 
programming of all types of x-y plots including "stepping" functions 
(see Section 2.5.3 for an example). 

Often each graphic object specified in a control block has 
one or more of ifs four defining data items in common with every other 
object in the block. Accordingly, the fields Xx, - ig - X ; ar in the BM 
byte (Figure 2-2) select which coordinate registers (with the same names) 
must be repetitively loaded by bytes in the control block for each graphic 
object to be fully specified. The values in all unselected registers are 
assumed to be in common. 

For example, (X ? 2 : x : v2 = (0, 0, 0, 1) could enable 
a series of rectangles to be drawn which are all identical except for their 
heights. Presumably, registers xX. ; 7. and xX could be initialized using 
fiddle byte 7, then each subsequent byte that causes the ee register to be 


loaded also causes another rectangle to be drawn. 


The following programming restrictions should be observed: 


1. Each visible, horizontal line segment (not a dot) may 

overlap other visible, horizontal line segments, but 

no two segments may have a common left or right end 

point* unless the segments are identical. In the case 

of common left end points, the shorter segment is 

written properly but the line segment(s) to the right 

of this will usually not be written. For common right 

end points, the interpreter will fail to terminate the 

lines at that point and will usually continue writing to 

the edge of the screen. 
*This restriction really applies only when the conflicting segments share one or 
more of the primary colors and intensity. Thus, a dim blue segment would not 
conflict with a dim green, or dim red, or bright invisible segment. However, 


such a finesse of the restriction is intended for experts and can be ignored on 
first reading. 
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fun The Graphic Modes (Continued) 


The special case of two exactly coincident lines is 
permitted. For example, vertically stacked rectangles 


of equal width may share common borders. 


No visible graphic object may start or end at the 

left edge of a character matrix and no visible 

vertical line may pass through that edge. To be 
precise, if a character's lower left corner is at (x, y), 
the the left edge is the line segment from (x, y) to 

(x, y +6) inclusive. The effect of violating this 


constraint would be to obliterate the character. 


ened Graphic Mode 0 (M = 0) 


In this mode, the control block's remaining BL - 2 (Figure 2-1) 


bytes are interpreted as follows: 


ie 


A variable length list of fiddle bytes follows immediately 
after the BM byte (at relative byte address 2). All bytes 
of this list have C = 1 except the last one which signals 
the list's end with its C= 0. Of course, any bytes — 
within the scope of fiddle byte 7 are considered to be 
part of this list. Nothing in the list causes writing onto 


the screen. The list length cannot be zero. 


Let K be the sum of the BM coordinate-register-select 
fields. K= X_ +Y_ +X, +Y, (BM one-bit fields) 

a a d d 
Then each subsequent group of K bytes loads the 
corresponding K coordinate registers in the order 


selected by the BM fields. 


For example, (X_ ; 3 ; X ‘ Vie (0, 0, 1, 1) means 
K = 2. The first byte of each group loads the Xx, register 


and the second byte loads the Y 4 register. 
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2.3.1 Graphic Mode 0 (Continued) 
After loading the K values a rectangle or selected components 
(as determined by the R. . Rh F i - ae : Roh fiddle bit registers; Section 2.2.1.2) 
is drawn on the screen (unless writing has been disabled by the appropriate 
W_ registers). When this is completed, the interpreter auto-updates the 
cop (Section 2.2.2.4) and proceeds to the next group of K bytes until 
byte (BL - 1) has been processed. 
If K = 0, the block causes no objects to be drawn. If BL 
includes bytes beyond the list of fiddle bytes, they are ignored in this case. 
If the end of the block is reached and the last group is less than K bytes long, 


the bytes are processed, but they produce no graphic object. 


2132 Graphic Mode 1 (M= 1) 


This mode differs from Mode 0 in only one respect: one 
variable length list of fiddle bytes is inserted immediately in front of each 
group of K bytes rather than in front of just the first group. Obviously, 
this mode is selected only if fiddle bit registers need to be modified after one 
or more graphic objects have been specified in the block. 

As before, each list length must be one or greater. Notice that 
fiddle bytes (01110000) and (11110000) function as NOP's. The former may 
come in handy to preserve the syntax of this mode, when some of the K-groups 


in the block do not require fiddle byte lists. 


2.3.3 The use of Cursors 

Visually and logically, cursors are indistinguishable from 
ordinary graphic objects. However, the cursor trap feature requires that 
certain graphics be identified as cursors, in order that what is trapped can 


be discriminated from what is trapping. 
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2.3.3.1] Cursor Trapping 

This is a hardware facility which greatly aids the task of 
relating the cursor's geometric positioning to the data base. Usually, there 
will be several regions or symbols of interest in a display, which the terminal 
user may randomly select by proper manipulation of a cursor. Without the 
trap feature, the particular (x, y) local origin of the cursor must be 
extensively processed to detect an overlap or proximity of the cursor body 
with a particular region of interest. In other words, one of (256 =) 65,536 
value pairs must be related indirectly to a much smaller list of valid regions 
of interest. 

By issuing a trap command (cf, Section 3.3.8), the hardware 
returns the actual memory address of the byte which causes the interpreter 
to draw the (cursor selected) region of interest. Thus, a simple table look-up 
completes the association of the cursor position with the data base. 

In fact, for character trapping, even the table look-up may 
be avoided, since one or more (N = 3) fiddle bytes may be stored adjacent 
to the trappable characters. These bytes are ignored by the interpreter; 
however, the programmer may use the four spare bits in each byte to store 
identification equivalent to what would be found in a table look-up. Thus, 
rather than use the trapped address as a look-up argument, the programmer 
uses it to read back the identification from the FS-2000 memory. 

Upon receipt of a trap command, the hardware functions as 
follows. The entire display, except those objects defined as bright cursors 
(see next sub-section), is drawn dim during this trap frame. The lowest | 
byte-address is returned to the host CPU which (a) causes writing of a graphic 
or alphanumeric object, and (b) that object has a "critical corner" (Figure 2-7) 


which is overlapped by any previously defined, bright part of a cursor. 
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CURSOR TRAPPING CRITICAL CORNERS 


Characters Line Segments Rectangles 


Te cethaenteslaarbriammesietih dinette thin Rata hdmabentaie dached 


The COP is the 


critical corner 


é BRED EI FOTIA I wl Oe MRIS, = trys TORS net bv) 


All critical corners are single points denoted above by circles. 
Figure 2-7 


Liudwdid Cursor Mode (M = 2) 

As far as the interpreter is concerned, the mode differs from 
Graphic Mode 1 (Section 2.3.2) in only one respect: The fiddle bit registers 
R. ’ Rh , and Roh are suppressed. Although a cursor may be designed as an: 
arbitrary combination of graphic objects using all three graphic. modes 
(M=0, 1, 2), only those vertical line segments (Ry and Ras not both zero) 
specified in a mode 2 control block are the active parts of the cursor 
used by the trapping hardware. 

The reason only vertical line segments are enabled is to prevent 
active portions of cursors having a horizontal line segment-end coincident 
with a graphic critical corner (cf. Section 2.3, Restriction (1) ). 

It is recommended that well designed cursors have their active 
parts written invisibly ((R, B, G) = (0, 0, 0)) in full blinking brightness 
C(I = ; bad = (1, 1, 1))1 Then the visible portions of the cursor can be 
manipulated into the proximity of the region of interest without visual overlap, 
while the active, invisible portion of the cursor overlaps a critical corner 


(Figure 2-7). This would leave any selected dim object unmodified, except 
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Sg Pe Ee Cursor Mode (M = 2) (Continued) 

to cause it to blink, which is an esthetic signal to the terminal user that he 
has properly positioned the cursor (cf. Section 2.5.5). As additional 
motivation for this type of cursor, it must be pointed out that character dis- 
truction results when its critical corner (COP) is within a cursor's visible, 
active portion (cf. Section 2.3, Restriction (2) ). 

In the case of character cursors which cause a selected 
character to blink, the characters must be written dim and the active 
portion of the cursor must extend to the top of the character along its left 
border or else the only part of the character so spanned will blink. 

Because characters and graphic objects specified in byte 
addresses lower than a cursor control block cannot be trapped by that & 
cursor, the programmer may sequence his program so that undesired objects 
are untrappable. a 

For example, it may be meaningless to trap a set of x-y axes. 

If the control block, which defines the axes, is located in lower addressed * 
memory than the cursor, the trap command will fail (cf. Section 3.3.8), even 
when the cursor is correctly positioned. 

Of course, this cursor regime permits multiple cursors to be 
defined on one or two displays simultaneously. The hardware trap feature 
guarantees that one terminal user cannot interfere with another, when both 
share the same memory. This is essential to handle the situation when one = 
user initiates a cursor trap and it happens by coincidence that a cursor of the 
other user is trappable to a byte address lower than the one selected by the = 


first (trap initiating) user. 
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2.4 Character Mode (M = 3) 

Each character is defined by a single ASCII byte with bit-7 = 0. 
Table 2-4 gives the association between each ASCII code and the standard 
64 character set. Table A-1 shows the actual character font for the 
standard set. A maximum of 128 characters can be assigned unique 7-bit 
codes. 

The concept of special control character codes that do not 
cause a character to be written but command the hardware to change status 
has been generalized by the FS-2000. As described in Section 2.2, the C bit 
(bit 7) allows the interpreter to discriminate between ASCII codes and fiddle 
bytes which extend the role of special control characters (which all have 
C=1). 

In character mode, a control block must have the following 
syntax: The first two bytes are BL and BM, as usual. Then follows a variable 
length list of one or more fiddle bytes just as in mode M=0. Immediately 
following this list are the (from zero to four) coordinate values as selected 
by the BM byte. Finally, the rest of the block consists of an arbitrary 
mixture of ASCII codes and fiddle bytes, as described above. (See examples 
of Section 2.5.1.) 

The programmer may view the last section of the control block 
as consisting of one continuous string of characters with embedded "control | 
characters". Each ASCII byte encountered (C = 0) causes its character to 
be written on the screen (unless Wa 2 = 0) followed by an auto-update of 
the COP. All visual features and positioning control for that character stem 
from the current settings of the fiddle bit registers at the time of writing. 
These settings together with any of the coordinate registers may be changed 
arbitrarily between any two characters. As usual, from zero to four bytes 


following fiddle byte 7 are interpreted as coordinate values, not ASCII codes. 
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2 <2: oo Or Oso Oo: 2 & CF Oro O40 © 2 & 6a a 2&2 02.0 2.60 2 0 0 2.0 060 © 


TABLE 2-4 


STANDARD CHARACTER ASCII CODE 


Octal Char. Octal 
4.0 | Space 1.9.0 
4 | 7 0. 
4 2 ‘ : oc 2 
3 # i 23 
4 4 $ ee 
- s % ae ee 
4 6 & te 
: oe / lssOow 
So is hes $220 
aca ) 2 eS 
se - ee ee 
- 3 + ee oe 
> 4 : ee 
Ss ~ ee ee 
Saat ; ee cee < 
ae “4 re Eo Fe 
69 4) BA 2.0 
6] l Lomi 
6 2 2 ee ae 
6-3 3 Le a 
& A 4 ee ee 
69 a ae aos 
6 6 6 oe ee 
Gos 7 oe ae? 
7 0 8 louse 0 
lee 9 ae ee 
oe: ee ey 
; 1-3 
724 a ae 
Y els = ' -s-3 
7s = Pia Ss 
7 e ? SS, 


NOTE: Optional lower case set runs from octal 140 through octal 177. 
See Table A-1 for character/code. 
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Char. 


Sater oy oe er ae RO to ae SS 
’ 


OS oe me 


ye 


% 


ae fT N <x 


| 
+ 


2.4 Character Mode (Continued) 

It should be noted that while overlapping graphic objects on 
the screen causes predictable color mixing with blink and intensity overrides 
(cf. Sections 2.2.1.4, 2.2.1.5), a character overlapped with a visible 
graphic object produces complete replacement of the visual features pertaining 
to the graphics within the character matrix. This is desirable aesthetically 
and aids the perspicuity of labelled diagrams. Mutually overlapping characters 
are logically "OR'ed" together. 

Even if a (single or double width) character is positioned to be 
written with a COP x-coordinate of 255, it will be properly visible at the 
right edge of the display (no wrap-around). This means each row has a 
maximum capacity of 86 characters. However, characters with COP's too 
close to the top of the screen will be chopped, if they extend above 
y = 255. 

Finally, if an ASCII code is specified, which has no visual 
equivalent, it defaults to the blank character. However, its color, 
blink and brightness specifications will logically "OR" with another 


character written at the same position. 


ye Programming Examples 

In the following sections, each display is followed by an 
FS-2000 program which would produce it. Because the manual cannot exhibit 
all the features of the display (e.g., blink), there are annotations to this 
effect in the diagrams which are not part of the intended image. 

Section 2.5.1 gives the binary version of the program, as well 
as the symbolic meaning of each byte. To save space, the ASCII codes are 
replaced by their character equivalents in the binary version and the meaning 
should be obvious. The symbol conventions are the same as defined elsewhere 
in this manual. The programs of Sections 2.5.2 to 2.5.5 do not include the 


binary codes in the interest of space and perspicuity. 
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\ Alphanumeric Text 


2 
- | 


(0, 35) THIS IS A SIMPLE 
(0,25) - | ALPHABETIC EXAMPLE . 
rs inne 
Coordinate 
Positions | 
| 
| 
This display uses white, single height, single width, bright, non-blinking 
characters. 
Display 2.5.1.1 
Relative 
Byte 
Address Binary Code Interpretation 
0 (00101111) BL = 47 
] (00111111) (M, Keli e he tye Ge 
2 (10000111) (I, , R, B, G)= 0, 1, 1, 1); white 
3 (10100100) (By ; L , H, W)= (0, 1, 0, 0) 
4 (10010010) Wo - W 2) = (1, 0) 
5 (01001000) (H : H ; ‘ ; a (iT, 0,0, 0) 
6 (00000000) (X_ ; x) <— (0, 0) 
7 (001 00011) (Y_, Y.)< (35,35) 
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= Sina Be 


Relative 


Byte 
Address 


26 


27 


Alphanumeric Text (Continued) 


Binary Code 
(0000001 1) 
(11110110) 
'THIS IS A SIMPLE! 
(11100110) 


‘ALPHABETIC EXAMPLE .' 
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Interpretation 


174- 


150- 


126- 


102- 


7 


54 -- 


THIS EXAMPLE SHOWS HOW EASY IT 165 


5 ae > BE ATS CHARA GT 2 Se N 


A 
Y 
S T RINGS OF MANY DIFFERENT C 
3 N 
Ko a k 
E 
R 
G 
A 
g 
N 
E 
G 
A These are written in 
M 
tw their stated colors and 
_) —are blinking. 
L 
E 
Y 
E 
U 
L 
B 


Display 2.5.1.2 


ae FS 


Relative 


Byte 


Address 


63 


Alphanumeric Text (Continued) 


Binary Code 
(10001111) 
(00111111) 


(0 0) 
(10000111) 


(10100100) 
(01001000) 


(00000000) 
(11110110) 
(0000001 1 ) 
(11101000) 


'THIS EXAMPLE SHOWS HOWS' 


(11110010) 
(000001 10) 
MEASY IT IS' 
(11100110) 


( ) 
'TO CREATE CHARACTER’ 


(11100110) 
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Ha Ve HIM 


Interpretation 


BL= 143 


(My Xr Var Xye Vy re) =Gr Ve Ve WV) 
(I, , R, B, G)= (0, 1, 1, 1); white 


(By +1, H, W)= (0, 1, 0, 0) 


(Hy Hoy V1 V4) = (1,0, 0, 0) 
(X. ’ x) e— (0, 0) 


(YY + Yi) < (246, 246) 


Xy<—- 3 

hi eee 
eM 
A, €-5 


(HW, Ht, Vy, V4)=(, 1, 1, 0) 


Cs . w) = (0 101) 


(H!, HY, HY, Hi)=, 1, 1, 0) 


3.5.1 Alphanumeric Text (Continued) ; 
——— HoVe Hy Vy 
Relative 
Byte 
Address Binary Code Interpretation | 
) B. ASH) . (0 4S 
64 'STRINGS' ( a dt? Balk ( aye 
7| (11110010) iA Tee ee 0, 1, 0) 
72 (0000001 1 ) X, ~s 
73 'OF MANY DIFFERENT' 
90 (11111110) Ae te % ek es, 
91 (0001 1000) (X_ ; x) <— (24, 24) 
92 (10101110) e. ; LS, €— (174,174 ) 
73 (00001 1 00) X ame 12 
94 (10100111) (B. is nw) = @, 1, 7, 3) 
75 'KINDS.' 
10 ! 1 ’ th 
] (111111171) + 7s xi Y) Pty het) 
102 (001 01010) (X_ ; x) < (42,42) 
103 (000001 10) 5e ; 7 <— 6, 6) 
104 (00000011) X,<— 3 
105 (00001 000) és = 8 
106 (11001010) (H ; H ; V4 : Pl og [, 0. 1-98 
107 (10001 010) (ly R, B, Sy = 1, 0, 1, 0) 
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y oe Fe 
Relative 
Byte 
108 
109 
114 
115 
122 
123 
13] 


132 


138 


139 


Alphanumeric Text (Continued) 


Binary Code 
(101001 00) 
> 
(10001107) 
‘YELLOW ° 
(10001110) 
"MAGENTA 


(10001001 ) 


'GREEN ' 


(10001011) 


'CYAN' 
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Interpretation 


|, H, W)= (0, 1, 0, 0) 


(I, 7 R, B, G)= (1, 0, 0, 1) 


ey 
Sul 
* 


sy. ae veh 


haved BAR CHART 


(25,160) , 


(25,100) 


(25,30) (95,30) (165,30) 


All borders are bright, all interiors are dim 


with no color overlapp. 


Display 2.5.2 


2-38 


eR RE Ow a 
j 
cS 4 


zi on © t i j , : 
eee eS = pee = 2 YS & Sra 3 ne Pes = = Ronen 


Relative 


Byte 
Address 


Interpretation 


BL = 43 

(M, X17 Yos X,7 Yy) =a, oY, 0, iy 

Se oe 1) 

Oy, Oty? ee BP i 

(H 7H V4 ; v2 = (0, 0, 1, 0) Select Auto-update methods 
Ds Mp Hee VT Oaols 0, 0) 

iY mye VP Pare!) 


(X ’ xX) << (25, 25) 


(Y_, Y.) € (0, 30) 


Yo <— 29 Draw Red Rectangle 30 x 35; 7. — 30+29 +] 


(I, a R, B, G)= (0, GO; i; 0) 


Yo <— 19 Draw Blue Rectangle 20 x 35; te 60 #19 +1 


(I, 7 R, B, G)= (0, 0, 0, 1) 


Relative 


Byte 

Address Interpretation 

15 Yq <— 19 Draw Green Rectangle 20 x 35; _— 80 +19 +] 

16 oH, VA VIE, 0, 0, O)Torn H, ong Vv; OFF 

17 (He Ho Mig OPE AEG, Op X, 25 + 341; bPceines 
18 (Ho Vie A M8, 0) Turn H , off; Von 

19 LR, B, G)= (0, 1, 0, 0) 

20 rt Draw Red Rectangle 20 x 35; ne ss 30 +19 +] 

21 (I, , R, B, G)= 0, 0, 1, 0) 

22 Yo <— 39 Draw Blue Rectangle 40 x 35; = 50-439 +1 

23 (I, 4h, B, GEG, GU, GO; 1} 

24 Yq <— 29 Draw Green Rectangle 30 x 35; - <— 90 +29 +1 

25 ie Ys Bo VO 0, 0) Turn H_ on; V, off 

26 (Hi HE, Vi Vi) = (1, 0, 0, 1) X_< 60 +34 +1; Y <— 30 
; etc. 

42 vy <— 39 Draw last Green Rectangle (40 x 35) 
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4.5.3 Uninterpolated X-Y Plot (Stepping Function) 
This is a simple plotting example that illustrates an efficient, 


useful alternative to interpolation, when only a few plot values are given. 


Local 
Origin 


Display 2.5.3 


2-4) 


Relative 


Byte 
Address Interpretation 
0 BL= 17 
| : (M, X,Y 1 Xr Yy)= ©, 0, 0, 0, 1) 
2 (ls R, B, G)= 0, 1, 1, 1) 
3 Roe le es te 
4 hh EK @, 01,1) 
5 (H x H ; V4 ss Vv) = (1, 0, 1, 1) Select update methods 
6 (Hy : .. ‘ H . vd = (0, 0, 0, 1) Select drawing method 
7 (I, Vi, xy, Yy)=(1, 1, 1, 0) (last fiddle byte) 
8 (X_» X_) <— (10, 10) 
9 Y., ¥ } eo W0, 10) 
a C 
10 xX, <— 5 (X_ will update by 5 after each step is drawn) 
1] Lf <—10 Draw from (10, 10) to (15, 20) (Figure 2-4, Case 1) 
12 v4 «— 30 Draw from (15, 20) to (20, 40) (Figure 2-4, Case 1) 
13 Yq <— 60 Draw from (20, 40) to (25, 70) (Figure 2-4, Case 1) 
14 Yq < 50 Draw from (25, 70) to (30, 60) (Figure 2-4, Case 2) 
15 Yq <— 30 Draw from (30, 60) to (35, 40) (Figure 2-4, Case 2) 
16 Yo <—0 Draw from (35, 40) to (40, 10) (Figure 2-4, Case 2) 


2-42 


2.5.4 Region Between Two Interpolated Curves 


(50,190) 
Y = 490-2X 
(50,140) Perimeter is bright and 
blinking. Solid interior 
is dim (no blink). 
(50, 90) 
(50, 50) (100, 50) (150,50) (200,50) 


Display 2.5.4 


In this example, the solid figure in Display 2.5.4 is drawn by 
supplying the Y values for the lower border and the differences between 


the upper and lower borders. 
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Relative 


Byte 
Address Interpretation 
0 BL = 212 
! (M, X,Y 1 X71 Y= ©, 0, i, 0, 2) 
2 Rel Woy. Woo)= 0, 0 1,1) 
3 Vel fh) = (1, 0; 1, 0) 
4 (H,,V,,H»V)=(1, 0, 0, 0) 
5 (H P H : V4 ; _ = (0, 0, 0, 0) Guarantee x. increments 
6 (I  R, B, GFrtl, 141, 7 
“i (x Vig Bye ¥ = 07 @, 1; 0) 
8 (X_ - x) <— (100, 100) 
9 4 0 
10 e ; LP ae (90, 90) | 
| Specifies left corner (X = 100) 
1] vy «— 0 
12 5 , 1 ey | 
Specifies upper and lower values at X = 101 
13 2 apie ] 
110 ‘. ’ 2 <— (140, 140) Specifies maximum values for upper 
borders @ X = 150. 
111 1 
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Relative 


Byte 
Address Interpretation — 

112 a: ’ YJ €— (139, 139) ( Specified upper and lower values 

@Xe=151. 
113 Y,<-49 ( 
210 (Y.., ¥. ) (90,90) ; 
e . Specifies right corner (X = 200). 
ee} 
4 Pate 0 j 
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tive Cursor 


f <— Character in 7x3.5 rectangle 


Invisible active region of —- 
blinking, bright, cursor 


Character COP = (0, 200) 
Visible portion of blinking, bright, cursor 


Display 2.5.5 


Relative 
Byte 
Address Interpretation 
0 BL =-10 
! ee ee ee 
2 (+ R, B, G)= (1, 1, 1, 1) 
3 ®t, WW 20,1, 1,1) 
4 (Hy +H, + Vy + V.)= ©, 0, 0, 0) 
3 4M, VIS, ©, G, 0) 
6 (X_ P X)<—, 0) 
7 (Y. P 7 <— (199,199) (Position COP to (0, 199) ) 
8 A, 2 
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Luteo 


Relative 
Byte 
Address 


Cursor (Continued) 


Interpretation 


LF pet Draws visible portion of cursor 


oi ee 


a eee 
(I, , Rk, B, G)= (1, 0, 0, 0) Invisible 


X,<—0 


LS ame Draw active invisible portion of cursor (7 x 1) 


Notice that the complete cursor is specified using modes | and 2. 


Also, the cursor is constructed so that its position (local origin) is specified 


in only one place in the program. Thus, the entire cursor (defined in 15 bytes 


and two separate blocks) may be shifted on the screen by updating bytes 6 and 


7 only. 
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SECTION 3.0 


INPUT/OUTPUT PROGRAM SPECIFICATIONS 


i The Memory Structure 
It should be apparent from the examples in Section 2.5 that 
quite sophisticated displays may be programmed using relatively few bytes. 
Unfortunately, the technology is not fast enough to allow the interpreter 
to process all 2048 bytes of memory during the time taken to draw a single 
scan line. However, for most displays, the programs are small enough 
that the programmer need not have to take this constraint into account. * 
Specifically, each scan line is composed using a maximum 
of 608 bytes of information as follows: The memory is divided into one 
"global" partition (labelled 4 in Figure 3-1) of 128 bytes and four "local" 
partitions (labelled 0, 1, 2, 3) of 480 bytes each. The interpreter 


processes memory using the following set of rules and conventions: 


1. Scan lines are numbered from zero to 255 corresponding 
to the y-coordinate addresses (scan line 0 is equivalent 
to y = O at the bottom of the display). The scan lines 
are drawn sequentially from top to bottom on the screen. 
Thus, scan line 255 is always drawn first, followed by 


254, 253, ..., down to 0 in each sixtieth of a second. 


2. When the interpreter is to compose scan line 255, it 
sequentially processes bytes 0 to 127 of global followed 
by bytes 0 to 479 of local partition 0. Then, scan line 
255 is drawn. 
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a) The Memory Structure (Continued) 


3. Suppose the interpreter has just drawn scan line n > 0 
using global and partition k < 3. Then, ifn ae , scan - 
line n - 1 will be composed using global and partition k 
again. Otherwise, n< Y and scan line n - 1 will be 


composed using global and partition (k +1) modulo 4; 


4A. Ifn=Oandk < 3, then information stored in all local 


partitions above k will not be processed for any scan line. 


Using this scheme with a program of 608 bytes or less means 
that the programmer is essentially unconcerned with the memory structure, 
except for guaranteeing pe be small enough when the interpreter reaches 
the end of local partition 0, and except that, although a control block can 
span the boundary between global and local partition 0, such a program 
must be transmitted using two write commands. 

For larger programs, the programmer conceptually divides the 
display into 2, 3, or 4 horizontal bands. The graphics in each band are 
specified by the global partition and the local partition obtained by 
numbering the bands sequentially from top to bottom starting with band zero 
embracing at least y= 255. Any graphics or alphanumerics which span 
band boundaries should be placed in the global partition (Figure 3-1). 

For example, suppose the screen is divided as in Figure 3-1] 
into three bands such that band 0 includes lines 255 to 155, band | 
includes. lines 154 to 105, and band 2 includes lines 104 to 22. In order 
to implement the desired band boundaries, the last four bytes of each local 


partition can be used to set to its proper value. Thus, for partition 0 


bytes 476 - 479 are loaded with: 


" 255 | 


Scan lines 155 
= or 154 


y-coordinates 


105 
104 


rae 
as 


N > 


BAND TO PARTITION ASSOCIATIONS 


Display Structure Memory Structure 


GLOBAL 
Partition 4 


LOCAL 


Partition 0 


LOCAL 


Partition l 


LOCAL 


Partition 2 


LOCAL 


Partition 3 


Band 3 (Unused) 
(Unused) 479 
Byte 
mae: Addresses 


Figure 3-1 
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3.) The Memory Structure (Continued) 


Byte Value Meaning 

476 000001 00 -BL= 4 

477 00000000 —(M, x ; Yo ‘. X j vy) = 10, 0, 0, 0, 0) 
478 01110100 AN, x ’ sa p x > oe 2.2, 3; Ue) 
479 01100100 (Y¥- ; 7 <— (155, 155) 


If the 2048 byte memory is shared between two displays, the 
bands are identical for both. 

The properties of memory structure processing can also be 
exploited to "hide" display information in a local partition by having the 
bands for previous partitions span the region programmed by the "hidden" 
information. 

For example, partition 0 may actually specify graphics down 
to y = 100, but define its band to include y = 0. Then, information ultimately 
destined for the region y = 0 to y = 254 may be stored in partitions 1, 2 and 3 
(perhaps even as mutually exclusive alternates). These "shadow" displays may 
be activated at any time by simply "switching off" partition 0 (set +. to 255 
at Byte 479) and "switching on" the other partition(s). In some contexts, 


this would be a more efficient multiple paging technique than manipulating 


the W bits. 
xx 


32 The Status Registers 
In addition to the 2048-byte display memories, there are 
two 16-bit words of status information maintained by the FS-2000 to keep 


the host CPU informed regarding errors and cursor-trap results. 
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cS The Status Registers (Continued) 

The formats of these registers are shown in Figure 3-2. 
Status information may be transmitted to the host CPU either by a specific 
read request (Section 3.3.8) or because of an error condition (Section 3.3.1). 
This necessitates the status words be self-identifying, which accounts for 
bit 15 in each word. The precise usage of status word zero is contained 
in Sections 3.3.1 and 3.3.8. Similarly status word one is explained in 


Section 3.3.8. 


STATUS WORD FORMATS 
Status 
P A 
Status 
; P A 
i 


E > O means an error has occurred 


E = QO means no error 
D is device status (for peripherals such as keyboards, 
“ 7 trackballs, etc.) 

P is memory partition (0,1,2,3,4 = ane last referenced 
? by an I70 

A is memory byte address (0 to 479) _| operation 

Pt a ee at which last successful 

A, = is memory byte address trap operation occurred. 


Figure 3-2 


MNEMONIC 


SMC 


SPA 


ERS 


WTD 


RDD 


WTR 


RDR 


Bey 


INPUT/OUTPUT INSTRUCTION FORMATS 


Table 3-1 TEXT 
REF. 
FORMATS oe Se 
MEANING 
Byte 0 > |<______ Byte ees 


oe ae Se ES OD ES eS 


x=.2 Select 
Memory 
Channel 


x=.2 Select 


0 0 0 1 Z 25 Partition/ 
Address 
0 0 1 qi - - ie B | x=.3 Erase 
3? een “soo | x=.4 Write 
0 0 1 1 : B Display 
| Data 
“i. Read 
Display 
Data 
ee ee ee : 
| @) A 0 1 D | D | | x=.6 Write 
~ | Register 
x=.7 Read 
Register 
a) eee * i T Sj/- - = = - = = = =| x=.8 Trap/ 
Status 
ae ee oe ee et ae Se eS eS eS 


Table 3-1 (Continued) 


Match Bit Pattern (H is 1's complement of H) 
Memory Channel Address (C is 1's complement of C) 
Memory Partition (0, 1, 2, 3, 4= Global) 

Memory Byte Address (0 to 479) 

Byte Count (A + B < 480) 

Peripheral Device Data (0 to 255) 

Data Destination Address 


Peripheral Input Device Address (0 to 15) 


Trap Cursor 
S = 0 means Read Status Word 0 


Read Status Words { <= 1 means Read Status Word | 


Sod The Input/Output Instructions 

Data transmission to and from the FS-2000 are either bit-serial 
or (16-bit) word-parallel depending upon the interfacing requirements. 
In the case of parallel transmission, the maximum transmission rate is one 
word each, 60,4 s or more than 33,000 bytes/second. 

Table 3-1 defines the instruction formats for performing the 
various I/O functions. The host CPU is the master of a master-slave 
relationship, and except for error conditions, it initiates all I/O. Thus, 
writing and reading is viewed from it also. All instructions are 16-bits 
long (most significant 4-bits form the op-codes) with ascending-memory 
bits proceeding from left to right. All bit positions marked with "-" are 


"don't care" bits, which must be transmitted anyway. 


Sade! Error Handling Philosophy 
| Because the FS-2000 may operate at the end of a noisy (serial) 


communications link, it has been designed to react to a variety of errors 
and initiate an elaborate response protocol. Special efforts have been 
made to preclude inadvertently writing into the wrong memory channel, 
which may otherwise destroy a portion of the user's data base. These are 
detailed in the next section. 


Other types of errors detected by the FS-2000 are: 


a. Parity errors (serial transmission) 

b. Sending an I/O command with bit 15 = 1 

ce Insufficient data transmitted 

d. Display Memory address error (eg. P= 5o0r A > 479) 


e. Overwrite of the end of a partition. 


Sede! Error Handling Philosophy (Continued) 


Under no circumstances can these error types or faulty display 
programming cause the FS-2000 hardware to "hang up". 
As soon as any error is detected, the FS-2000 jumps into error 


mode and the following events occur (assuming serial transmission): 
1. E << (3 bit error code) in status word 0. 


2. No further data from the current transmission from the 


host CPU is processed. 


3. Bits O - 11 of status word zero are set to point to the 
memory location (within the channel that is assumed 
known to the host CPU) one beyond the last byte used 


to store or read back data (before the error occurred). 


4, Status word 0 is transmitted to the host CPU (in the case 


of parallel data, a channel interrupt is generated instead). 
5. Atimed interval* elapses during which no I/O can occur. 


6. E<—(000) at the end of the time-out and status word 0 


is again transmitted as in Step 4. 


7. The system returns to the ready state, waiting for new commands. 


i Select Memory Channel/Partition/Address (SMC, SPA) 
SMC = This instruction selects which of four 2048 byte memories 
(channels) is to be read or updated. Selecting a channel is made into a 


separate function for two reasons: 


*The interval is selectable by a switch on the interface card to be any of 
2/60 sec., 3/60 sec., 4/60 sec., veee 15/60 sec., (or ‘infinite’ for 


diagnostic purposes). 
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ce Select Memory Channel/Partition/Address (SMC, SPA) (Continued) 


1. The channel remains constant until explicitly changed by 
an SMC command. This enables display program data sets 
to be created which are independent of which channel they 

“are written onto. Thus, only the first word of the display 
list need be modified to redirect the display, which may 


be composed of "canned" parts. 


2. Special redundancy syntax is employed to prevent almost all 
transmission errors and program faults from destroying critical 


data by inadvertently selecting the wrong channel. 


H is a programmer chosen pattern such that the I's complement 
of bits 0-3 must match bits 8-11 or else an error is assumed by the FS-2000. 
For example, if (H, C) = (2, 3) then SMC = (00001011 ---- 0100), "=" means 
"don't care". There is no way a valid SMC word can be all zeros. 

SPA uses P to select which partition of the selected memory 
channel is to be read or updated. Within partition P, A is used to select 
which byte will be next read or written. As with the channel select, P 
remains selected until explicitly reset by SPA. However, the A register is 
incremented by one each time a byte is read from or written to address A. 

This field of SPA references the same register as the A field in status word 0 


(Figure 3-2). 


asa Erase Memory (ERS) 

Beginning at memory location (P, A), the next B bytes are set 
to zero. (NOP's if not within a control block.) Specifically, locations 
A, Atl, «ee, AtB-1 are set to zero within at most 110.4 s from receipt of 
command. The A register is pointing at location A+B, when the operation 


is completed. 
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3.3.4 Write Display Data (WTD) 
This instruction should be followed by B (if Bis odd, an 


extra byte must be transmitted, but it is ignored) bytes of FS-2000 display 
code, which is a valid program according to the rules of Section 2. The 
entire list of B+2 (or B+3) bytes will cause the FS-2000 to load bytes 2 
through B+2 into a memory channel according to the current settings of 

C, P, A. When this has been done, memory locations A, A+], ees, 

A+B-1 will have been loaded and A will have the value A+B. If the proper 
number of bytes are not transmitted*, an error occurs. In any case, the 
FS-2000 will respond by transmitting status word 0 to give what amounts 

to an end-of-table completion code. Should the WTD operation be 
terminated due to an error abort, status word zero will indicate how much 


of the data was properly received. 


Sedan Read Display Data (RDD) 

After transmitting this command, the host CPU should be 
prepared to accept B+3 bytes of data from the FS-2000. The first two 
bytes are always status word 0 followed by a partial memory dump starting 
at (P, A) and extending to (P, A+B-1) plus one additional byte, if Bis an 
odd number. As usual, an error (say in the transmission of the RDD command) 
will cause a time-out followed by status word 0. At the end of the RDD 


operation, A has been updated to A+B. 


Sedel Write Register Data (WTR) 

This is a facility to drive up to 16 registers (devices) with 8-bit 
data bytes to enable related devices such as remote processors, keyboards, 
trackballs, and printers to be clustered through the FS-2000 interface. 


Field Dd. addresses the selected register and D contains the value to be written. 


*The FS-2000 detects too few bytes by receiving no data for a timed 
interval (the same as the error time-out period) (cf. Section 3.3.1). 


Se Se Read Register Data (RDR) 

Corresponding to the previous instruction, RDR selects a 
peripheral device data register, which is clustered through the FS-2000 
interface. Two bytes are returned to the host CPU. The first byte is a 
register status byte into which three status bits may be returned via field D. ° 
Depending upon the nature of the device, these bits may or may not have 
meaning. The second byte is the contents of register R - Note that the 
16 devices addressable by R may be distinct from the 16 devices 
addressable by Dd. , yielding a maximum of 32 I/O devices associated with 
the FS-2000. 


I Be Trap/Status (TPS) 

T = 0 or I means do not trap cursor (s) (read-status case). 

T = 2 means initiate a cursor trap operation for any cursors 
written on Display 1 (FS-2001). 

T = 3 means initiate a cursor trap function for any cursor 
trap function for any cursors written on Display 2 (FS-2002), if any. 

S = 0 means read status word zero. This will return the full 
16 bits, unless an error occurred. As usual, status word 0 will be sent twice on 
an error. 

S = 1 means read status word one. Here the error case can be 
distinguished from status word one by examining bit 15 of the returned word. 

If T =1, then the result may take up to 32 ms to complete, 
since the cursor trap operation is in progress. Upon successful completion, 
status word | is returned with bits 0 to 11 containing the trapped byte address. 
If the trap function has failed because no cursor active region overlays a 
trappable graphic object (cf. Section 2.3.3.1), then status word 0 is trans- 
mitted, in which case the E field will indicate that the trap operation has 


failed. 
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APPENDIX A 


THE STANDARD CHARACTER FONT 


6.878.858 
”0%6"%0% 


“8%8"%8". 
628°6%8 
"O".8%8% 


= 58 
8.87.8" 
G787828 
267.87%8% 
6787828 
YA VI V 
LAY 
AY YI V 
O28%8'.8 
1078"8" 


4078708" 


S 4&8 
E8".8"4 


LV AY | 
E.8%8% 
6787828 
AVI YY 
8284848 
4048287 
848785 
“8%8%8% 


8282828 
AVI Vi 
@7282878 
“i Vi Viv 


AVIV Y 
828048 
“87%840', 
8282848 
AY! Vi 1 
O207508 
“4678008 


“iV AV 


8282848 
ivi Vi V 
828205 
“8%8"8" 


AVIV, 


A Vi iV 
LI IA IA 
AIA IA 
LIA 
AU Vi Vi 
E”,878%5 
18%88", 
LY vi 
ivi Vi Vi 


— 


“4EV08"% 


487878 


87.8848 
AVI Yi 
87.8488 
AVIV V 
B28.5%8 
VLA VV 


fi i i Vj 
S7.87.878 
AV VV 
87872878 
Ai Vi Vi V 
LVI Vi Vi 
AVIV 
B48%8.8 
“i Vi Vi Vi 


STANDARD (5 x 7) 64 ASCII CHARACTER SET 
(32 Upper Case Alpha Plus Punctuation) 


S2872028 
AVIV V 
82872828 
i vi VV 
LV Vi AJ 
AVI AV 


LU IAD 
AV VY 
B287828 
AWUV YV 
S,82878 
AVI Vi V 
8282878 
AAW VY! 


YE808% 
8787828 
AVIV Y 
828258 
AVI MV 


AY 
AVIA 
828%8%8 
48%8°8% 


828788 
A A 
A A 
AWM VY 


AIA 


Ji 4A 
LALA IA 
ALA I 


AA A 
AWAY 
[Vi V1 | 


L}COP 


cd 
tr, 


COP 


SSRESE8 
i |corp 
SEES 


04xF 


O5x<E 


OBX 


O 
SeeGG8 


287878" 
LY A 
AY VY Vi 
IY 
YE%8%0% 
8702828 
Vi Yi Yi Vv 
LVI V1 A 
AVIV 


AVI VV 
Li Vi 
Vi Vi Vi IA 
8202078 
“ivi Vi IZ 


VL AU 


STANDARD (5 x 7) 64 “ASCII CHARACTER SET (cont) 


1 
Gan Gan 


AAV YY 
8207828 


“E,8"8% 


AVI VY 
8282878 
62878% 
LVI I YI 
40%828" 
8782878 
8%828", 
628728768 
40%8'.8", 


407878" 
B2628%8 
“48%848% 
S2828%8 
Ji Vi VV, 
8287848 
ViVi AV 


O2878%8 
ViVi YI 
B2828%8 
AL Vi VV 
B2572878 
Zi Vi A 


(32 Punctuation and Numerics ) 


8484848 
48%68%8% 


ag. 6htéC«d§ 
AA IAY 
LA IA Y 
AIA Vi 
8282848 
448% 48% 
8284848 
AA VI Yi V 
8262878 
Vi ViVi V 


Viiv Vi 


487878" 
B28787%8 
4878 748% 
8282848 


“8".8%6% 


8787848 
887%8% 


LVL Yi V1 
Ji Yi Vi 
S2888 
“E8784 


Zi VV 


B”8%548 
AY yi Vv 
8282828 
482828" 
8282045 


4 
BER 8 
iL a 


ZE878" 
B787878 
“878.8% 
8287848 
ViVi Vi V 
LIA YI VI 
“4846828% 
8482848 
48%8%8% 


ViVi AY 


“88%8" 
B287.878 
AAA 
5787048 
“E8%8% 
BY82828 
AVI Vi Y 
8782848 


a a 
GSES G5 
SEER BS 
“88484 
LAY Vi 
AV VI Yi 
LVI VY 
AW YI 4 
E2825 48 
AY YI V 
B28 78%8 
AVI VY 


GEG8 OF 
AAV 
LTA IA 
AWAY 
LA YI 
AWUYV 
AY Vi 
AVIV Y 
BZ828%8 
AVY 


A-3 


57282878 
“878.8% 
8782875 


“8'.6".8% 


B787848 
4878284 
8282875 
482828% 
B2Z848%8 
48 46%8% 
82825728 
Vi Vi Vi IA 


B7878%8 
AU YY 
B“828%8 
AVI YI Y 
B“848%8 
AVIV V 
8487878 
ViAUY 


B488%8 
Vivi Vi Vv 


6 
SES E88 
BE 8 OS 


8287288 
287878% 
882825 
AVIA Y 
828288 
AVI NM V 


B“87.8%8 
Vi AVY 
AVI V1 | 
2848487 
B“848%8 
ViVi VV 
8282828 
ViVi Vi Vi 


4E%828% 
Vi VI V1 | 
AVI VIA 
8287878 
Vi AV 


B287878 
E8284 
8282028 
AVY Yi Vi 
8282878 
AVIV V 
B2Z828%8 
AAW Vi Vi 


> 


“288.8% 
887828 
2E828% 
82828758 
AVY Vi 
8282828 
AVIV V 
B“828.58 
“48%878% 


87872878 
E%8%8% 
B2E7828 
AVIV 
8782828 
“878.8% 
8282828 
ViVi VV 


ZEE%8% 
B287878 
AVY Vi 
Vi Vi 
AYA 
8282578 
E288" 
B7.8.88 
ViVi UV 


AWAY IZ 
LA A 
AVIV 
LVI A 
AVIV 


Cor 


J 
COP 


COP 


> 


HEX 


60 


J 
GO 


71% 


14 


aad 
0) 
X 
a A TOP eS SS ines 


O 
GS Geeee 


Sh2hes 2 
BEER E oe 
AAV IZ 
AYA 
AVY IZ 
8787878 
“E828". 
LV A 
AVI VY 
LIA VA 
AVIV 


AY AY 
AY 
AV YI 
G787878 
“i Yi Vi 
G2825%8 
ViVi Vi 


a Re 


| | | Be | tl Ue UN 


ie 

A 

a 
ee 
a? NE 
ve 

a 


GZ878%8 


8282878 
ViVi VI VY, 


1 


828%8.8 
AW VV 


GGG 888 
SRE eke 
Bae G88 
Ga G88 
Ge fae 
BGG &a8 
GGG fa8 
Vi AV 
O7878'.8 
AVIA Vi 
LV V1 
“6".828" 
LI YI V1 
AVI Vi 
62872878 
“i Vi Vi 


62872878 
Vivi Vi Vv 
LV V1 


8282878 
ViVi Vv 


GG San 
Ai Vi Vi V7 
Vi i V1 | 


ViVi Vi 
872878768 
AVIV V 


VIAWUY 
S7.87878 
AAU YY! 
B282040 
ViVi Yi V 
6284878 
“4624878% 
84828728 
ViViVi V 


3 


ee 8 
AIA IA 
BYE.078 
Ji AV A 
LY 
VA VV 
8787878 
AY VI V 
8.82878 
AV Vi 


“ivi Vi Vv 


as ..6f 
G Seent 
| ee | 
SEBGe i 
# £2 
“4E78%8' 
S”87287%8 
AY YY 
8287048 
“4828484 
B284828 
482828" 
8282828 
ViVi Vi V 


BGG G88 
Vi Vi Vi 
B7287.0%8 
ViVi VI 
B282048 
"40%8 48% 
B284828 
ViVi Vi V 
B28%8%8 
Vivi Vi V 


B7848%8 
ViVi VI 
828.848 
Vivi Vi V 


A iA V 


O78285 
AVI VV 
528788 
Vivi VV, 


Boas 
ViVi AY 
LWIA Yi | 
AAV Y 
LAV YI 
AUYV Y 
LU YI Yi 
AVI VY 
8728788 
“Vi iV 


5 
aREREBE 


IA YY 
AVIV V 
VIVA 
“AVI AV 


E8288 
AAU VV 


825788 
487287284 
6782828 
484848", 
LVI Yi VI 
“482878% 
LVI V1 
Ai ViVi V 


OPTIONAL (5x 7) 32 ASCII CHARACTER SET 
(32 Lower Case Alpha Plus Punctuation) 


6 
GREG BE 


iV A 
B287,8%5 
Vi AVIV 
LW Yi V1 | 
AVIV VY 
B“828.8 
AVI UV 


AVA 
Li VY 
“87.828% 
B78 488 
AVIV V 
5287845 
Vivi VV) 


Zi Vi Vi 
B2870%8 
AVI VY 
87872845 
ViVi VV 
B282E%5 
AVI ¥ 
Vi | 
ViVi VV 


SGGneae 
487.8284 
LVI V1 
AVIV Y 
S2820%8 
AVIV V 
Yi 7 | 
AVI VV 
Vi Vi 
AW VV) 


> 


AVI AY 
BEE8 
| 


Vi Vi Vi 
8787878 


A AY 
A VA 
AVIV 
828788 
“828.8% 
8282048 
“E2828% 


AY | Vv 
B”.8788 
AVI 
S2828%8 
ViVi AY 
B282878 
Ai Vi A 
VA IA 
Vi Vv 


a & 
Ba 8 8 
AVIV 
B78788 
ZEEE 
LY | 
AU 


LVI AV 
AV VI 


COP 


COP 


| 
COP 


Care 


HEX 


%O 


GQ 12x 


O 
Eeeaaas 
ag 4a 
& G68 - 


as a8 
TCDRITLL II 


A Vi IZ 


“EF “6.8% 
8287078 
Vi AY 
LAV 
AV VIA 
8”6787.8 
A YI IA I 
8287878 
Vi AVM V 


g g 13> Gan & 


S287878 
AY iV 
8257878 
Yi AV 


1 
BEEESES 
aa 8668 
GS 868 & 
a 8 


@ aa - 
G a6 & 

SEG? 
seer 


%07.0%8% 


AVI Vi 
6762848 
“8%8%8% 
6287648 
18%8%8' 


62872826 
078484 
8282078 
i Yi Vi 
O2078%8 
ViVi VV 


Zi Vi Vi V 
282878 
AAV VY 


(32 Upper Case Plus Punctuation) 


6787848 
AVIV V 


876%8%8 
AIA Vi 
LAY 
AV YI 
8182826 
AY YY 
82872878 
“ivi Vi ¥ 


SESE 
z ae 
G eae 6 
ae 

S as 

G Gh Of 
SEGERES 
“E708%8", 


AVIV V 


Ai A AY 
@7.87878 
“48787%8% 
62828728 
48%878% 
O2820%8 
ViVi Vi 
287548 
ivi V1) 


3 
aeeeea2 
a 3 


AVY 
B7287,8%8 
“AAW 
67.87.8408 
AW VI YV 
TAYVLV | 
AVI VI V 
8.8488 
AMY 


AVI YY 
8282828 
4678%8% 
SRGERES 
es e 
@ Geege 
oe 8 8 6B 
SEES 6 
@ BG 


SeRhese 
“488 40% 


AV VI Y 


B.828%8 
AVI VY 


TAY YT 


4078484 
B282841 
“828484 
282878 
AVI VY 


Ai AV 
67.8788 
AVI VY, 
67287828 
4078284 
67.8848 
AI VY 


| a 
SERRESF 
AVI Vi ¥ 
8787848 
AVY V. 
8787848 
AY VI Y 
8782828 
“E8084 
Yi V1 
AWW Y 


6.87828 
4678284 
87.8288 
A ViVi V 
Vi Yi V1 
ViVi Vi 
8.87878 
AUAV 


“878.8% 
S78788 


48.88% 
LVI 
AIA YI V 
A YI V1 
AVIV V 
LV) AV 
AVIV 


A 
“87878% 
AVI V1 
8%8%8% 
876488 
AVIV IV 


878788 
AVIV Y 
G”878%8 
AV Vi Vi 
87,8288 
AVIV Y 
8787828 
AAW Vi V 


B2848%8 
“84018% 
@45787%8 
“iVi VV 


8787078 
AVY 
B287048 
AVI YI V 
6782878 
AY VY 
848288 
AAV AV, 


STANDARD (5 x 5) 64 ASCII CHARACTER SET 


ivi vi V 
LY 
287878% 
87.828%68 
AVIV 
8748288 
AVI AY 


8282828 
AA Vi VV 
8282008 
AVIV 


878288 
48%878% 
8287878 
“8%808% 
Wii Vi 
AUVV V 


Zi Vi Vi V 
S787.878 


AVY) V 
B828%5 
AY Vi Vi 
B28%8%8 
“ivi Vi V 


3 
~ 


= 
eg580G8 
AV Yi 
87.8287.8 
AVIA Y 
8287878 


8787828 
A Vi yl Vv 
8787287.8 
AVIA Y 
8267.88 
AVA 


8282878 
AVIV V 
8728287.8 
Ai VIA 
LA AA 
Vi lA V) 


AV YY! 


S8eeeae 
i icore 
BRZaREG 


# S 
“E2884 
52872848 
AVY) 


E2878.8 
AVIA VY 
VIIA J 
“EV.G28% 


O4™x 


OSX 


OGX 


O7xb 


ERSarEE 
Vi Vi V1 IA 
8782078 
Vi 4 Vv 
87287878 
287678" 
87287878 
487878" 
82878768 
AW VV 


Ge 68 
eeeeaae 
“8%8%8", 


8787828 
AVY Vi 
8282008 
28%828% 
8287878 
487878" 
8287878 
AWN V 


ZL Vi i IZ 
B7878".8 
287878" 
82878728 
487848", 
@70787%8 
AVI VV 
8287878 
AV Vi 


STANDARD (5 x 5) 64 ASCII CHARACTER SET (cont.) 


(32 Punctuation and Numerics) 


82870".6 
Vivi vi VY 
8287878 
iV AV 
87287088 
“8%878" 
82872848 
46%6%8" 


“467878" 
82082878 
ViVi Vi V 
8282878 
Vi Vi Wi 
8287878 
ViVi VV 


GEGG O8 
Be 888 
258655 
E288", 
8287878 
ViVi Vi 
8282878 
0%87%8" 
62872878 
ViVi Vi V 
828788 
AVI VY 


87287878 
AU VY 
82872828 
AAV Vi 
8287828 
AAV VV 
LY i 
18.8%8% 


ViVi V1 
AVI VI V 


AY A 
8287878 
iV 
82872878 
Jl IA VV 


“ivi Vi V 


3 


3 % 
BG 8 88 
3 a 
GG 8 OS 
GSRH52 
824848" 
8282628 
E78%8% 
8787848 
AAA VY 
8787846 
AY YY) V 
8284828 
4828%8% 


B7287878 
AUYV VY 
87878268 
287848", 
8282878 
“iV VV 
8282828 
“487%8%8% 


YAY Vi V 
82872878 
Ai i Vi 
Vii 
AAU VV 


787288 
ViVi VV 
872872878 
Vi Vi Vi 
8787078 


4 
@aBSear 
a 4 


YAU V 
LA 


“88%8% 


VAI 
VL AY 
B787878 
AVY 
8287878 
Yi AVY 
BY828%8 
AAV VV 
8287848 


s a 
GEG8 88 
BeRSE2S 
AAV 
LV V1 
ViVi Vi 
87287878 
28878" 
LA AV 
AVIV 
AY 
AVIV V 


“8.878" 
87.8788 
AVIV 
8728788 
48%8%8% 


B2828%8 
ViVi Vi 
LV 
Vil AV 


= 
SRR SRs 
@ 288 8 
BERG 8 
BGG 888 
SS &888 
G 868 8 
St 
Vivi Vi V 
8282878 
282878" 
LV 
AVY Vi 
AY 
AVI VV 
87848748 
AVIV 


SHSRERE 
HEBEPES 
BRERESE 
8787828 
AVI VY 
8287878 
ViVi fi 
[Yi 
A Vi Vi V 
878788 
AVI VV 
LVI VL Vi | 


SESSEEE 
e # 
BS Shans 
& #3 
BEERE 2 
& a6 
E2SREES 
487878), 
B2E2878 
AVI AV 
BZ872878 
Vi Zi VV 
B28728%8 
Ai Vi Vi 
B“E7878 
AV UV 


2208 2% 
a 
AVI VV 
848788 
AVI VY 
Vi Vi VA 
Ji VI Vi V 
87282878 
AVI VV 
VIIA 
“482878! 


6 


S8S818 
BB S288 
a 8 888 
BG 88 
S 88 88 
o 668 8B 
EaeesER 
48/7878", 
BY87878 
ViVi AV 
LA 
Z8878% 
LAY VI 
AV VY 
87482628 
AVIV VY 


87878728 
AVIV V 
LV 
AVIV VY 
BZ878%8 
ZE2878% 
B282078 
AVIV V 


“E878% 
8282828 
ViVi iV 
828258 
282828" 
828288 
“E7878, 
Vi VIA | 
iA UV 


VA 
AVIV VY 
B282578 
AY AY 
B2872878 
AVI NV 
LV A A 
E884 


> 
S2SSERE 
B88 8858 


8787848 
AW YY 
87872848 
AVI YY 
8484848 
“LVI Vi 


ZE2828% 
B2ZE2878 
828.8% 
8282878 
AAV AV 
B28288 
i Vi A 
8282878 
ViVi AY 


8282878 
AVIV V 
82872878 
AVI VV 
828288 
“E%8"8"% 
Li AA 
ZG%008% 


AVI AY 
LVL IAAL 
ViVi IA I 
LVI A A | 
“E808 


SZE288 
AVIA 
S2828.8 
AAV A 


|] COP 


a 
COP 


b 
COP 


BER 588 
a icorp 


APPENDIX B 


PROGRAMMERS QUICK REFERENCE TABLES 


B-] 


CONTROL BLOCK FORMAT 


a 
eS 
Relative Control 
Byte Block 
Address Definition Comments 
0 I<BL< 256 - Block Length (includes itself) BL= 0 or 1 is a NOP 
+] ~ Block Mode (see Figure 2-2 for BM fields) 
+2 - Interpretation of last BL-2 bytes is dependent 
43 upon the settings of the fields of the BM byte. 
; See Sections 2.3 and 2.4 for details. 
+BL~1 


Figure 2~] 
re ee Block Mode Instruction Format 


The format of the BM byte consists of five fields as follows: 


(Don't Care Bits) 


Figure 2-2 


B-2 


HaDaHr Hr 


HOmDHzON 


Cranwywd 


™ 


P22 O BLS 


Syntax 


LAD 


Se Se eS 


ink 2 


nee | 


ae So ts ee SO 


765 4 3 2: 1,0<——Bits 


Oley, | Bier, aaa « I RBG 
} j i 

=0 aes cay ie i es 
Lo fr 
Applies to bo} 
ALL modes. L 


Xs, 


] 
Applies to ae 5 
modes 0,1,2 ONLY. + 


a. es RL Waal 
! 
i 


—  o = aw oT 


ee! 


—— er 


—_—_—— eee 


SS 


Intensity 


Rectangle 

Intensity 

Enable for Graphics on Display l 
Enable for Graphics on Display 2 


al a2 
eee se 

= —~bop-p—-—-- 

= : PERT piceaiainaaiiniiets Don't Care Bits 
Applies to a ee Write Enable for Alphanumerics on 
mode 3 ONLY. Display l 

| ——=——-=—«< Write Enable for Alphanumerics on 
Display 2 
Go <3 0 Rap Ra Rav 
cere oe eens Oe 

eto. Se ee --Adjacent-Horizontal 

L_—'--i- -~—~— —\ Rectangle --Opposite-Vertical 
Applies to si iessieatostintition / Edges: --Opposite-Horizontal 
modes 0,1,2 ONiY.1. i ~-Adjacent-Vertical 
co 1081, H W 

ee 
N=2 b—L—j- -|- ~~ -— -— --Background 
Li -|-~~--— Alphanumeric: --Intensity 

Applies to L-l----~-- --Height 
mode 3 ONLY. Lie. ~-Width 


oe gee ee ee ae OS 


ah ov on av 


i 
| 


' | 
N=3 “aes —~—-—---- | 


Roplies 6.5. 1.4 


a ee 


mode 0,1,2 ONLY. © 


B-3 


Rectangle 


--Adjacent-Horizontal 
--Opposite-Vertical 
--Opposite-Horizontal 
-~-Adjacent-Vertical 


Text 
Semantics References 


ye Se 
Svbekad 


ORR eA At OE reson 


: 
| 


AAP ot Re Om ertey SEE RGR Re RNS me eee 


TABLE a ik (continued) 


[2 oe ee ee ee ee eo 2 a 


Syntax Semantics Text 
References 


7 :&: 3.4. 3-4 2 teeta 


C1 608, V 4,4 Ha Vo Ha 
| os 


t 
N=4 bs cCukee Horizontal and Vertical 
Auto-Update 


Applies to of the CoP 
ALL modes 


N=5 Horizontal Auto-~increment 
and 


Applies to | Vertical Write control 
ALL modes. 


P 
O 
S 
I 
T 
I 
O 
N 
I 
N 
G 


ie . / f / 
{ 
/ / / } 
os eS HaVal aVa H. Mi | Vd 
~ x 
N=6 EE ay ee ae ee Horizontal and Vertical 
LS fice ew Explicit-Update 
Applies to Li4w— ——- of the COP 
ALL modes. be ae i te 


rOoOWmWKnZzONn 


Se ESE See oe 
KS 
N=7 L 


Applies to Coordinate Initialization 


ALL modes. 


B-4 


Table 2-2 
UPDATE METHODS 


Fiddle Bit 
Register Setting Selected Method of Auto-Update 
D D 
d a 
Cee + D, 
Cc <—- Cc “+ d + e 
] ] ro <—— a + d + Dd, 


For Horizontal Updates (D , ; Dd. ‘ a. , c, a, d) means (H . H Hi 


For Vertical Updates (D | P Do: D, , c, a, d) means (V ; ve 7 ¥ 


Examples showing the use of these formulae are deferred untin Section 2.5 


Table 2-3 
DRAWING METHODS 


Filia Bis Graphics Drawn 
D From 


Horizontal line segments: (D_ , a, ¢c, d)means (H ,X ,X ,X,) 
Ww WwW a d 


Vertical line segments: 0 , a, ¢, d) means Y = ty ; 2 Y,) 


MNEMONTC 


SMC 


SPA 


ERS 


WTD 


WTR 


TrS 


INPUT/OUTPUT INSTRUCTION FORMATS 


Table 3-l 


FORMATS 


TEXT 
REF . 


cre oe 


eaeuouan asco 0 —____» |¢____. Byte-1 > | | 


io 


14 


a2 


12 


as 


10 


9 


8 


28 3 6 4. 2 eB 


X=.2 


x=.8 


MEANING 


Select 
Memory 
Channel 


Select 
Partition/ 
Address 


Erase 


Write 
Display 
Data 


Read 
Display 
Data 


Write 
Register 


Read 
Register 


Trap/ 
Status 


Table 3-1 (Continued) 


Match Bit Pattern (H is 1's complement of H) 
Memory Channel Address (C is 1's complement of C) 
Memory Partition (0, 1, 2, 3, 4= Global) 

Memory Byte Address (0 to 479) 

Byte Count (A +B < 480) 

Peripheral Device Data (0 to 255) 

Data Destination Address 


Peripheral Input Device Address (0 to 15) 


Trap Cursor 
S = 0 means Read Status Word 0 


Read Status Words { S = 1 means Read Status Word 1 


STATUS WORD FORMATS 


Gee Se ee ee ee ee ee ee See ee eee 


Status 
A 


| byte 0 ———__—_> |< byte 1 >| 


Status 
Pp A 


E > O means an error has occurred 
E = QO means no error 
D is device status (for peripherals such as keyboards, 
= trackballs, etc.) 
am, 
P is memory partition (0,1,2,3,4 = Global)| last referenced 
by an 1/0 
A is memory byte address (0 to 479) operation 
Pt ae at which last successful 
A, = is memory byte address trap operation occurred. 


Figure 3-2 


APPENDIX C 


GLOSSARY OF TERMS 


GLOSSARY 


101 Technical Terms 


Absolute Origin 


The lower left corner of the display screen. The geometric position 
of any image element is defined in terms of horizontal and vertical 
displacements from this point. (see (12)) 


Alphanumeric 


Refers to a character or set of characters such as the alphabet or any 
special symbol. The other major class of displayable objects is referred 
to as "graphic". See Tables 2-4 and A-1. 


ASCII 


American Standard Code (II). This is the standard 7-bit binary code 
for characters. See Table 2-4. 


Backround 


Refers to the space surrounding a display object. 


Band 


A set of contiguous scan lines, all of whose display information is 
specified in Global and a single Local partition. 


Bit 
The smallest unit of computer information. A bit can have two values, 
usually designated by "O" and "1". 


Blink 


Refers to the repeated alternation of a display object's intensity or 
brightness. (cf Section 2.2.1.5) 


Block Length 


The total number of bytes ina control block. 


Block Mode 


Specifies which interpretation is to be applied to the bit patterns in 
its control block. (Graphic (0), Graphic (1), Cursor (2), Alphanumeric (3)) 


10. 


2 


Ve 


Byte 


A group of 8 bits. It can have = or 256 values. The meaning 
of a byte's value depends on its context. 


Byte Addressable 


Means a program may refer to each byte in the memory by a unique 
name. 


Cartesian Coordinates 


The system invented by Rene Descartes which allows any point ona 
flat surface to be uniquely referenced by an ordered pair (x,y) of 
values. For graphics applications, x is the x-coordinate or horizontal 
distance from the point to the left edge of the display and y is the 
y-coordinate or vertical distance from the point to the bottom of 

the display (both as measured to one part in 256). 

Channel 


Is one of the 2048-byte memories together with its display interpreter. 


Character Matrix 

A 7x7 rectangular array of display dots within which the shape of a 
character is defined (cf 2.2.1.7). 

Character String 


A list of bytes some of which are ASCII codes and others being fiddle 
bytes. Can also refer to a list of contiguous characters on the screen. 


Color 


See Sections 1.1] and 2.2.1.3. 


Column 


A set of graphic objects whose left and right edges are vertically 
aligned. Also refers to any set of points in the display with the 
same x=coordinates. 


Context Sensitive 


Applies when the meaning of a byte depends on the values of surrounding 


bytes as well as its own value. 


iF. 


20. 


Zt 


th 


234 


24. 


fas 


26. 


Control Block 


A list of contiguous bytes which specifies zero or more objects 
of the same mode to be drawn on the screen. 


Coordinate 

See Item No. 12. 

Coordinate Register 

One of six special memory bytes used by an interpreter to control 
the drawing of objects on the screen. The value of a coordinate 
register is a coordinate (cf. Section 2.2.2.1). 


CPU - Central Processing Unit 


This refers to the computer which communicates with the FS-2000. 


Critical Corner 


The point which a cursor's active region must contain in order to 
trap the byte address of the command which produced the point 
(cf. Section 2.3.3.1). 


CRT - Cathode Ray Tube 


Synonym for display screen or TV monitor or the display portion of a 
user terminal. 


Cursor 


An arbitrary graphic object usually programmed to enable a terminal 
user to select portions of his display which are relevant to his 
communication with the computer. 


Data Base 


The structured information, data files and programs within the host 
computer which communicate with the user via the FS-2000. 


27. 


28. 


at. 


30. 


31. 


32. 


33. 


34. 


Detail Resolution 

Measures the amount of fine detail per unit area that can be drawn. 
The FS-2000 has a detail resolution of 256 vertical x 512 horizontal 
picture elements (131,072 dots in total). 

Display Bytes 


Those bytes within the FS-2000 memories which are interpreted to 
produce a display image, refreshed 60 times per second. 


Display Memory 


The 2048-byte refresh memory where the display program is stored and 
used by an interpreter to compose the scan lines of a display. 


Display Program 


A set of one or more control blocks stored in a display memory, 
required to produce a display. 


Display System 
The FS-2000 (see Item No. 42). 
Don't Care Bits 


Those bits within a byte whose values can be zero or one and are 
ignored by the interpreter. 


Dot Format 


The sequence of 131,072 picture elements (pixels) divided into 
256 scan lines of 512 dots each that make up the fine detail of a 
raster scan image. 


Dynamic Data 


Those bytes in the display memory which are updated by the data 

base with variable information such as pressures, temperatures, 

alarms, etc. It also includes bytes which store variable x-y-coordinates 
that move parts of the image around the screen to reflect data base 
changes. 


x ba 


36. 


37. 


38. 


37. 


AQ. 


Al. 


42. 


Dynamic Evolution 


Applies to displays being modified by dynamic data (see Item No. 34). 


Encoding 


Any finite representation of some object which can be interpreted 
by a deterministic mechanism. 


Electron Gun 


A cathode in a CRT which sends a thin stream of electrons (ray) to 
strike selected phosphors on the inner surface of the tube face, 
thereby producing a spot of colored light. 


Fiddle Bits 


Those bits within a fiddle byte which are used to update the global 
registers in the interpreter or perform immediate coordinate register 
updates and reloads. These change the form and appearance of 
objects on the screen. 


Fiddle Byte 


Those display bytes which are interpreted to invoke small changes in 
the form and appearance of graphic and alphanumeric objects. 


Font 


A particular size and style of appearance of the character set 


(see Table A-1). 
Frame 


The set of 256 scan lines drawn in a sixtieth of a second to form a 
complete image. 


FS-2000 


The equipment and circuitry consisting of an interface, one controller, 


one to four display memories and associated interpreters, and one 
to eight video CRT's. 


43, 


44, 


45. 


46. 


Geometric Positioning Control 

The ability of a display program to precisely sequence the location 
of display objects within the 2-dimensional field of the screen 
(implemented with fiddle bytes). To be contrasted with logical 
sequencing of the display codes within the memory. 


Geometric Structure 


The two dimensional interrelations among objects on the screen, 
Contrast with Item No. 55. 


Global Partion 


An addressable group of 128 bytes whose values can influence any 
region or scan line of the display. 


Global Variables 


The 30 fiddle bit registers and coordinate registers (XQ, Yq, x, roe 3 
whose values collectively influence the position and form of 
every object on the screen. They remain unchanged unless explicitly 


and selectively modified by the display program. 


4) 


Graphic Display 


Consists primarily of non-alphanumeric information such as bar charts, 
x-y plots, line diagrams, etc. 


Host Computer 
See Item No. 22. 
Input/Output 


Refers to the transfer of byte lists between the host CPU and the 
FS-2000. | 


Instruction 


A byte whose value or relative address within a control block is 
interpreted to cause a precise, predicable action within the FS-2000. 


os 


52. 


53. 


54. 


= 


56. 


S7. 


58. 


Intensity 


The brightness of an image (see Section 2.2.1.4). 


In terpreter 


That part of the FS-2000 which completely processes its 
display memory 60 times a second to produce display frames 
which appear flicker free. 


Local Origin 

A programmer chosen point in a geometric structure such that 

the geometric position of any element of the structure is defined 

in terms of horizontal and vertical displacements from this point 

(see Item No. 1). 

Local Partition 

An addressable group of 480 bytes whose values can influence only 
those scan lines in the band associated with that partition by the 
display program. 

Logical Structure 

The (one-dimensional) inter-relations of the display bytes by 

virtue of their relative addresses within control blocks and their 
sequence of interpretation. 

Mainframe 

See Item No. 22. 

Match Pattern 

The two bit-patterns specified in the SMC instruction (cf. Section 3.3.2) 
which the FS=2000 error checks as security against selecting the wrong 
channel. 


Matrix 


Any rectangular array of picture elements. 


ae Memory Channel 
See Item No. 13. 

60. Micro-second (4 s) 
One millionth (1 5”) of a second. 

61. Modulo Arithmetic 
Just the same as regular arithmetic except that if the result of 
evaluating any expression lies outside a predetermined range, say 
0,1 «ee, n-l, then the result is taken to be the remainder of the 
original result upon dividing it by n. For examples 3 x 7 = 1 modulo (4), 
3 +7 = 2 modulo (4). 

62. Noise 


Spurious distortion of information being transmitted between the 


host CPU and the FS-2000. 
63. NOP - No OPeration 

A byte or bytes which are ignored by the interpreter. 
64. One's Complement 


The value obtained by changing all zeros of a set of bits to ones 
and all ones to zeros. 


65. Op-code 


That part of an instruction whose value has a specific, fixed 
meaning to the FS-2000. 


66. OR 
The operation of combining corresponding bits from two sets such 


that O OR O=0, 0 ORI] =1, 1 ORO=1, and 1 OR1 =1 for each 
bit pair. Eg, (1010) OR (1100) = (1110). 


6/7. 


68. 


69. 


70. 


fix 


ee 


73. 


74, 


ri? 


Origin 
See Items ] and 53. 
Parallel Data Transmission 


A communications technique in which more than one bit is transmitted 
at once. 


Parity 


A technique which associates an extra bit with each byte or 
other grouping of bits such that it contains no new information. 
Rather, its value guarantees that the sum of the bits for the group 
plus itself is always odd (or always even). The hardware is 
equipped to detect a failure of this condition as an error. 


Partition 


See Items 45 and 54, 


Persistence 


The length of time a photo-sensitive element continues to be 
excited after the photo-stimulus is removed. 


Phosphor 


A chemical substance which will emit light with a characteristic 
color spectrum in response to a sufficiently energetic stimulus. 


Positioning Control 

See Item No. 43. 

Position Resolution 

Measures how precisely an object may be placed on the screen. 

For the FS-2000, it is generally 256 vertical x 256 horizontal 
coordinate positions. (See Section 2.2.1.1 (3.) for an exception.) 


Primary Colors 


Red, blue, and green, when appropriately mixed will produce 
any color (see Sections 1.1 and 2.2.1.3). 


76. 


if 


78. 


79. 


80. 


al. 


82. 


83. 


ie Be 

See Item No. 30. 

Raster Scan Line 

See Section 1.1. 

Rectangle 

Any solid figure bounded by four straight sides and all angles being 
90°. Additionally, the rectangle primitives of the graphics hardware 
require that the sides be parallel to the edges of the display. 
Rectangle Component 

Any of the four edges or the rectangle itself. 

Refresh Memory 

See Item No. 29. 


Register 


Any of the memory locations internal to the interpreter which store 
fiddle bit values, coordinate values, or status information. 


Resolution 


Is used in two senses when discussing computer graphics. See Items 27 


and 74. 


Row 


A set of graphic objects whose top and bottom edges are horizontally 
aligned. Also refers to any set of points in the display with the same 
y-coordinate. 


Scan Line 


See Section 1.1. 


85. 


86. 


By 


88. 


89, 


90. 


91. 


723 


Screen 
That part of the CRT face used to view all programmed displuys. 
Semantics 


The content, meaning or action to be taken, which is derived from an 
analysis of coded information. Contrast with syntax. 


Serial Data Transmission 


A communications technique in which information is transmitted 
one bit at a time. Contrast with parallel data transmission. 


Status Registers 


Two 16-bit word memory locations used to inform the host CPU of 
the current state of the FS-2000. (cf. Section 3.2) 


String 
See Item No. 15. 
Syntax 


The set of rules used by an interpreter to detect and decode the 
structure of blocks, words, bytes and bits. Contrast with semantics. 


Table Look-Up 


A programming technique in which a list of ordered pairs functions as. 
an associative memory. A search argument (e.g., a trapped address) 
is provided which matches the first element of some pair. The value 
returned (e.g., the associated data base identity) is the second 
element of that pair. 


Terminal 


Consists of a single CRT and perhaps a keyboard, trackball, etc. 


7. 


94. 


Yo. 


¥7 


98. 


7 


100. 


101. 


Trap 

A hardware feature which bypasses the need to devise a program 
for relating the position of a cursor to a significant data base 
object (cf. Section 2.3.3.1). 

TV Monitor 

The particular type of CRT used in the FS-2000. 


Two's Complement 


The result of adding 1 to a one's complement (see Item No. 64). 


pi 


A microsecond (See Item No. 60). 
Pertaining to the signal formats required for a TV monitor. 
Visual Features 


Color, Intensity, Blink, Background, Height and Width (of characters), 
Graphic structures (see Section 2.2.1). 


Word 


A group of 16 bits or 2 bytes. 
X-coord inate 

See Item No. 12. 
Y-coordinate 


See Item No. 12. 
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